Background--The nonvitamin K antagonist oral anticoagulants have recently become available as an alternative to warfarin as stroke prophylaxis in atrial fibrillation, but data on real-life patient experience, including bleeding risk, are lacking. Our objective was to compare major bleeding events and nonpersistence between the nonvitamin K antagonist oral anticoagulant apixaban and other nonvitamin K antagonist oral anticoagulants (dabigatran and rivaroxaban) and warfarin in a contemporary, nation-wide cohort of patients with nonvalvular atrial fibrillation.
N onvitamin K antagonist oral anticoagulants (NOACs) may have a large impact on standard stroke prevention and management in atrial fibrillation (AF). Predictable pharmacodynamics and kinetics with fewer drug-drug and drug-food interactions compared with warfarin may simplify their use for health care professionals and patients. Several major trials have shown on-par or better efficacy and safety compared with warfarin. [1] [2] [3] In these trials, apixaban and lowdose dabigatran had lower risk of major bleeding compared with warfarin, whereas the risk was similar for rivaroxaban and high-dose dabigatran against warfarin. Despite considerable interest in the NOACs in recent years, data about their use and performance in real-life clinical care are limited. In particular, there is a need for safety data looking at any differences in bleeding risk and persistence between NOACs in routine care. Also, whereas previous studies suggest an initially increased bleeding risk with use of warfarin, it is unknown whether this should be a concern when initiating an NOAC. 4 European and American guidelines now support NOACs as an option in first-line oral anticoagulant (OAC) therapy for patients with nonvalvular AF with 1 or more stroke risk factors. 5, 6 However, transition from randomized evidence to actual clinical practice is key to optimize the management of OAC drug use in patients with AF. Data from Danish administrative registries provide comprehensive data on actual clinical practice and patient outcomes. We therefore aimed to assess and compare shorter-term (within 30 days) and longer-term major bleeding events and persistence comparing apixaban, rivaroxaban, dabigatran, and warfarin using Danish data sets.
Methods Registries
From nation-wide administrative registries, we extracted information on hospitalizations, vital status, and pharmacological treatment for each patient using a personal and unique identifier. 7 The National Patient Registry contains information on hospital discharge codes with both primary and secondary diagnoses. Diagnoses are recorded by the International Classification of Diseases (ICD) 8th (until 1994) and 10th revisions (from 1995 and onward). The registry also holds information on surgical procedures according to the NOMESCO classification. 7 The National Prescription Registry includes information on prescription drugs in terms of strength, number of tablets, and date of prescription according to Anatomical Therapeutical Classification codes. 8 The Civil Personal Registry holds information on vital status, sex, and age. 9 We use cross-linkage through secured servers to link patients, hospitalization diagnoses, and prescription information at the individual level over time. All registries included information up to December 31, 2015. Codes used are in Table 1 .
Study Population and OAC Treatment
We identified all patients aged 18 years or older with a history of nonvalvular AF and grouped them into 4 cohorts according to the first OAC (apixaban, rivaroxaban, dabigatran, and warfarin) initiated in the study period (August 22, 2011 to December 31, 2015; Figure 1 ). We defined new initiation as no OAC prescription 6 months before inclusion; hence, the population consisted of "na€ ıve" OAC users. 10 We defined exposure periods to the different OAC treatments during follow-up using all prescription claims during the study period. Patients were considered exposed to a specific OAC when tablets were available for consumption. The algorithm to calculate this, as previously published, uses the date, number, and strength of tablets claimed for each individual from the national prescription registry. 11 If hospitalization occurs, no consumption of tablets was recorded given that hospitals deliver medication during hospital stays. Exposure to more than 1 OAC was not allowed, so any subsequent prescription claim for a different OAC defined treatment switch. Patients could stop or switch OAC treatment during follow-up according to availability of tablets (for definition of duration of exposure, please see below). The NOAC, edoxaban, was not available in Denmark in the study period.
Comorbidity and Concomitant Pharmacotherapy
Stroke risk factors comprising the CHA 2 DS 2 -VASc (congestive heart failure, hypertension, age >75 years, diabetes mellitus, stroke/transitional cerebral ischemia, vascular disease, age 65-74 year, or female sex) score were defined from the registries as previously published. 12 The score has been shown to accurately predict risk of stroke in a similar population with AF. 
Major Bleeding Complications
We defined major bleeding events as first hospitalization associated with a code for bleeding and reported bleeding overall and by site, including gastrointestinal and intracranial bleedings (Table 1) . This definition includes all relevant thrombolysis in myocardial infarction major bleeds 14 and has been used previously. 11 We examined first bleeding events during the full follow-up time available in the registries ("total bleeding") and also restricted to the first 30 days after OAC initiation ("30-day bleeding").
Persistence
We defined nonpersistence as no claim for the same as well as for any OAC for at least 30 days following the end of last OAC treatment period (ie, a treatment gap of more than 30 days).
Statistical Analyses
For baseline characteristics, we described continuous variables by the mean and SD or median and interquartile range (IQR). For the persistence analyses, we calculated the duration of each OAC treatment period as the time from inclusion date to nonpersistence date as defined above (of note and as described above-switch of treatment before date of nonpersistence was allowed). For the bleeding analyses, we calculated the duration from inclusion date to first bleeding event, censoring at date of nonpersistence. For both sets of analyses, we also censored at date of claim for more than 1 OAC drug (because there is no valid indication for more than 1 concurrent OAC), death, and end of study. Figure 2 illustrates allocation of major bleeding and nonpersistence outcome and switch of treatment according to OAC exposure. We estimated risk of major bleeding and of nonpersistence by Cox regression models adjusted for age, sex, calendar year, variables in the CHA 2 DS 2 -VASc and HAS-BLED scores, and switch of OAC treatment. For all analyses, apixaban was used as reference. For the primary outcomes, additional analyses using warfarin as reference were conducted. We calculated cumulative incidences of major bleeding and nonpersistence (accounting for competing risks of death and switching OAC) for the first 3 years of follow-up. Because of the time-varying OAC exposure, we only reported cumulative incidence for patients' first OAC.
The only clinically relevant interactions found was sex, so we undertook additional stratified analyses of major bleeding (P for interaction, 0.0016) and nonpersistence (P for interaction, <0.0001) by sex. For the nonpersistence outcome, the initial risk would differ between warfarin/rivaroxaban and apixaban/dabigatran, because typical warfarin and rivaroxaban pack sizes last for 100 days, whereas shorter for apixaban (50 days) and dabigatran (30 days) , that is, the initial length of exposure differed between OAC. Hence, we performed a landmark analysis at the 90-day mark. No other violation of model assumptions was found.
We ran the following preplanned, supplemental analyses: (1) stratified dabigatran use by 110 and 150 mg BID patients including an analysis for patients under the age of 80 years only (ie, excluding patients where 150 mg of BID is not indicated), given that different dosages were investigated separately in the RE-LY trial; (2) major bleeding complications and nonpersistence from when all NOACs were available (January 1, 2013 [Defined data of "Debut apixaban"]) to minimize selection bias caused by change of NOAC availability during follow-up; and (3) stratification by to patients who did and who did not switch between OAC drugs given that switchers may be a different population from nonswitchers.
All analyses used the SAS statistical package (version 9.4; SAS Institute Inc., Cary, NC) and R (version 4.1; R Foundation for Statistical Computing).
Ethics
This study was approved by the Danish Data Protection Agency (reference no. 2007-58-0015; internal reference: GEH-2014-013 I-suite no. 02731). Information was made available to us by encrypted data access with anonymization of patients so that no individuals could be identified. By Danish law, retrospective studies do not require ethical committee approval.
Results

Population and Follow-up
We identified 54 321 patients with nonvalvular AF who initiated OAC treatment. Median age was 73 years (IQR, 66-81), 56% were male, and mean CHA 2 DS 2 -VASc and HAS-BLED scores were 2.9 (SD, 1.6) and 2.2 (SD, 1.2), respectively. Mean followup time per patient was 403 days and total patient-time at-risk was 67 764 person-years. Patient characteristics by OAC initiated are in Table 2 . Patients initiating apixaban and rivaroxaban were older and less often male, with higher CHA 2 DS 2 -VASc scores, compared with dabigatran or warfarin users. According to year of inclusion, apixaban and rivaroxaban initiation was more frequent at the end of the study period whereas dabigatran and warfarin initiation declined. Characteristics of dabigatran 110 and 150 mg BID initiators are in Table 3 . Dabigatran 110 mg BID users were considerably older (mean age, 80.1 vs 65.6 years) with higher mean HAS-BLED score (2.5 vs 1.8) compared to dabigatran 150 mg BID users. Among warfarin initiators, 11.4% (n=2752) subsequently switched to an NOAC (564 to apixaban, 758 to rivaroxaban, and 1430 to dabigatran, comprising 20.5%, 27.5%, and 52.0%, respectively). Among initiators of an NOAC, 9.4% (n=2070) subsequently switched to warfarin. Switchers between specific OAC treatments are shown in Table 4 . Mean follow-up time ranged from 268 to 511 days between OAC groups (Table 5) .
Major Bleeding Complications
Of all included patients, 4.5% (2418) experienced a major bleeding event during total follow-up. Most common bleeding sites were gastrointestinal, renal, and intracranial (Table 6 ). Crude incidence rates during follow-up were 3.6 (252 events), 4.3 (343 events), 2.9 (695 events), and 3.9 (1128 events) per 100 person-years for apixaban, rivaroxaban, dabigatran, and warfarin, respectively. Figure 3 shows cumulative incidences of major bleeding event by OAC initiated. Table 5 shows adjusted risk of total and 30-day major bleeding for the different OAC groups. Compared with apixaban, rivaroxaban, dabigatran, and warfarin were all associated with increased total and 30-day major bleeding risk. Compared with warfarin, rivaroxaban was associated with a higher and apixaban with a lower total major bleeding risk (hazard ratio (Table 7) , there was an increased total major bleeding risk versus apixaban for rivaroxaban, but not for dabigatran or warfarin, among men. There was an increased total major bleeding risk for all OACs versus apixaban among women. 
Nonpersistence
Of all included patients, 14 800 (27.2%) experienced a break of at least 30 days during follow-up. Figure 4 shows the cumulative incidence of nonpersistence by OAC initiated for patients who did not switch OAC. After 3 years, 15% of apixaban and rivaroxaban, 30% of dabigatran, and 60% of warfarin patients were nonpersistent. In the adjusted analyses with apixaban as reference, dabigatran or warfarin initiators were more likely to be nonpersistent whereas rivaroxaban initiators had similar risk ( 
Supplementary Analyses
Compared with apixaban, we found similar 30-day and total major bleeding risk for dabigatran 150 mg BID, but higher major bleeding risk for dabigatran 110 mg BID (Table 3) . There were no differences in major bleeding risk with dabigatran 150 mg or dabigatran 110 mg BID compared to apixaban in patients aged <80 years. Findings (major bleeding and nonpersistence) were similar to those in the main analyses when restricted to the period with availability of all NOACs and for OAC switch and nonswitch patients (Table 8) .
Discussion
This study reports contemporary data on OAC use and safety in real-life nonvalvular AF patients following the marketing of NOACs apixaban, dabigatran, and rivaroxaban. We had 3 main findings. First, apixaban and rivaroxaban initiators had a different clinical profile from dabigatran and warfarin initiators, because they were older and less often male, with higher CHA 2 DS 2 -VASc and HAS-BLED scores. Second, apixaban had lower 30-day and total major bleeding risk compared with rivaroxaban, dabigatran, and warfarin. Third, dabigatran and warfarin users were at higher risk of nonpersistence compared to apixaban users, whereas rivaroxaban users had similar risk. The 3 major trials, comparing NOACs with warfarin-ARISTOTLE (apixaban), RE-LY (dabigatran), and ROCKET-AF (rivaroxaban)-have resulted in grade 1 recommendations by American and European cardiac societies. 5, 6 American guidelines recommend NOAC in patients with AF with at least 2 stroke risk factors whereas European Society of Cardiology guidelines support NOAC use with 1 or more risk factors (excluding female sex without other stroke risk factors). Indirect comparisons of trial data showed no noteworthy difference in efficacy between NOACs, but a potentially lower risk of major bleeding for apixaban. 15, 16 Overall, the rate of major bleeding events ranged from 2.9 to 4.3 per 100 person-years in our study. These are higher than those reported in trial data (2.1-3.6%/year) and are readily explained by inclusion of older and unselected patients in this real-world setting. In addition, definitions of bleeding were not identical, given that our study included only serious bleeding requiring hospitalization whereas trial events were adjudicated from clinical workup. Given that new agents are approved beyond a controlled setting, the addition of realworld complications should be appreciated because the degree of clinically meaningful events from trials have been recognized as a major limitation. 17 Dabigatran had the lowest major bleeding rate, whereas apixaban had a lower adjusted risk of major bleeding (both total and within 30 days of initiation) than rivaroxaban, dabigatran, and warfarin. A recent post-hoc analysis of ROCKET-AF showed that rivaroxaban users had significantly higher risk of major and nonmajor gastrointestinal bleeding compared with warfarin users (HR, 1.42), which support potential differences found between apixaban and rivaroxaban in the present study. 18 A study of elderly Medicare beneficiaries found that dabigatran users had increased gastrointestinal bleeding compared to warfarin users, although overall major bleeding risk was similar. 19 In contrast to the clinical trials, we found the increased major bleeding risk most pronounced for females taking dabigatran and warfarin compared to apixaban. There was no difference by sex in bleeding risk in the ARISTOTLE (apixaban) and ROCKET-AF (rivaroxaban) trials; RE-LY did not report these data. Although not supported by the pivotal trials, a metaanalysis including 7 trials of NOACs concluded that women have a higher bleeding risk than men in acute venous thromboembolism treated by NOAC. 20 Possible mechanisms include differences in creatinine clearance, volume distribution, and drug uptake between men and women. 21 Our finding suggests a need for future investigations (preferably randomized) of sex-related differences in bleeding between OAC drugs. When separating dabigatran into 110 and 150 mg BID, we confirmed previous registry-based findings that lower-dose dabigatran was associated with higher major bleeding risk when compared to warfarin. 22, 23 This is in contrast to RE-LY and partly in contrast to results from a Medicare claims analysis. 19 The latter study consisted of an elderly AF population (aged >65 years) using the nontrial dosage of dabigatran 75 mg BID and reported only gastrointestinal (nonsignificant increase in bleeding with high-dose dabigatran) and intracranial bleeding (nonsignificant increase in bleeding with low-dose dabigatran). Our finding may be influenced by unmeasured confounders or selection bias: For example, dabigatran 110 mg BID users were, on average, >14 years older and had higher HAS-BLED (2.5 vs 1.8) than dabigatran 150 mg BID users. When restricting the analyses to patients aged <80 years (ie, excluding patients where only low dosage is recommended), we found no differences in major bleeding risk using apixaban as reference. Thus, prescribing physicians may systematically select patient for lower dosages because of perceived (and possibly correctly) increased bleeding risk, which is reflected in the observed higher bleeding rates in the dabigatran 110 mg group. Studies investigating potential physician preferences and prescription patterns according to dosages are most welcome. .2%) compared with warfarin. In our study, the cumulative incidence curve of nonpersistence ( Figure 4) showed better persistence to the NOACs than to warfarin. Although definitions of persistence between the trials and the present study are not readily comparable, it is reassuring that these new agents seem to yield persistence in 70% to 85% of patients after 3 years; this is considerably higher than the 40% observed for warfarin. However, it should be recognized that the method used is based on prescription claims. Following the initiation of treatment, some treatment episodes last longer (warfarin and rivaroxaban), attributed to differences in pack sizes, and this likely affect the results. Notably, findings from our landmark analyses suggest that warfarin users initially had very good persistence, but when looking beyond the first 90 days, we found, from the cumulative incidence and the adjusted Cox model, higher persistence for apixaban and rivaroxaban and lower for dabigatran and warfarin. The fact that gastrointestinal side effects have frequently been reported in dabigatran users could potentially be a mechanism behind our finding that dabigatran users were more likely to be nonpersistent compared with apixaban users. 19, 24 Several compliance studies have shown that persistence to treatment is strongly affected by the number of tablets taken daily. 25 Perhaps surprisingly, our data suggested that rivaroxaban (given OD) users did not have lower risk of nonpersistence compared with apixaban users (given BID). Periods off treatment are very worrisome given short half-life elimination (range, 10-17 hours) and may place patients at markedly increased thromboembolic risk. 26 The degree of suboptimal protection needs to be investigated further as well as any markers of interruption of treatment. Do these data aid in the selection of OAC for the practicing clinician and patients? We found highest persistence to apixaban and rivaroxaban, fewer major bleeding complications with apixaban overall, and some evidence that women taking dabigatran and warfarin may be at further increased risk of major bleeding compared to men. Even though causality is a challenge in observational data, these findings warrant attention. Our findings suggest that, in a real-life clinical setting, uptake and safety issues differ between NOACs. Clarification for health care providers and patients will require future observational studies with information on prescription patterns (including sex differences) and assessment of effectiveness, given that randomization between NOACs seems unimaginable at the moment.
Limitations
Despite providing updated and real-life data on experience from OAC use, our study is limited by its observational nature. The Danish population consists of a racially homogeneous population of mainly whites, which makes extrapolation of the results to other populations limited. Although indications of use should be similar across the different OAC cohorts in our study, the potential for selection bias should be recognized. Concerning unmeasured confounders, we did not have information on left ventricle ejection fraction, on tobacco use, degree of potential renal dysfunction, body mass index, or patient and physician preferences. Our definition of major bleeding includes all episodes requiring hospitalization; and hospital databases have shown high precision for registration of bleeding events. 27 The diagnostic coding for AF has previously been validated with high positive predictive value (97%). 28 Also, our analyses do not take local or regional recommendations or policies of first-line OAC use into account. We confirm data from a previous study that the proportions initiating OAC treatment change over time (dabigatran and warfarin initiation declined, whereas apixaban and rivaroxaban increased). 29 The decline of warfarin use is most likely explained by increased NOAC use, whereas the decline in dabigatran partly can be explained that elderly is less likely to be initiated. 29, 30 The observation period of especially apixaban was shorter compared to the other cohorts attributed to later entrance to market. The possibility exists that treatment courses that span multiple prescriptions claims might be subject to more episodes off treatment. However, we do not believe this would strongly affect our findings given that we took the switch to another OAC into account (and also performed analyses with censoring at time of switch), performed sensitivity analyses in the period when all NOACs were available, and used methods that allowed for continuous exposure assessment. All prescriptions of OAC are captured by the databases, but our method used to define OAC exposure is an approximation. Given that actual intake of tablets is unknown (data based on prescription claims) and likely to be closely related to a recent prescription claim, this could have affected our findings. However, because there is only partial reimbursement of drug expenses in Denmark, patient copayment would indicate an intention to take the claimed prescription. Furthermore, given that analyses of shorter-term major bleeding risk (within 30 days) are consistent with results from the total follow-up period, we believe our method to be valid in assessing an association between OAC exposure and bleeding.
Conclusions
In a contemporary real-life cohort of nonvalvular AF patients, differences in major bleeding complications and persistence between OAC therapies exist. Apixaban had lower 30-day and total major bleeding risk compared to rivaroxaban, dabigatran, and warfarin. Nonpersistence was highest for dabigatran and warfarin, compared to apixaban and rivaroxaban. Given that the landscape of stroke prevention in AF is rapidly evolving, results from nonrandomized studies of potential safety issues need to come to the attention to patients and health care providers. As more real-world data on NOACs accumulate, future studies should also focus on effectiveness to help inform optimal treatment decisions.
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